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I. INTRODUCTION
Chemical reactions of ground state atomic carbon cePj) play a major role in combustion processes [1] [2] [3] , hydrocarbon syntheses [1] [2] [3] , and interstellar chemistry [4] [5] [6] [7] [8] . Predominantly, however, energy dependent reaction cross sections, product distributions, and branching ratios are extracted from bulk experiments in flow cells and static gas cells [9-1 0] . This approach cannot eliminate three-bodycollisions and biases a detailed picture of each reaction by stabilization of vibrationally and/or electronically excited reaction complexes or unstable intermediates. On the other hand, seeding. of cePj)
in carrier gases generates an intense :;upersonic carbon beam. Performing a crossed beam experiment with the second reactant in combination with time and angular resolved product detection via ·a quadrupole mass spectrometer elucidates detailed information on elementary steps in chemical reactions [11] [12] .
Owing to the C epj) enthalpy of formation of716.49 klmor 1 [13] and its reactivity, a beam of supersonic carbon atoms is troublesome to produce. Two approaches are possible: external coupling of a large amount of energy into the C ePj) precursor or synthesizing energetic precursors with masked carbon atoms (internal or chemical energy).
Molecules storing a huge amount of energy in their enthalpy of formation, e.g. 5-tetrazoyldiazonium chloride ( 1) or tetracyclo[3 .2.0. 0.
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6 ]-heptane-3-ylidene-tosylhydrazone lithium salt (2) widely served as carbon sources [2, [14] [15] . Heating of ( 1) and (2) releases nitrogen, hydrogen chloride, and atomic carbon (1) or carbon and benzene (2) , respectively. Actually, precursor (1) is extremely unstable: preparation is limited to 0. 75 mmol and even etheric solutions are explosive at 200
K standing for less than 1 hour [14] [15] . Precursor ( 1) undermines the purpose of molecular beam studies: carbon atoms react with benzene yielding a messy supersonic beam. 2 e.g. implanting protons or neutrons into gaseous nitrogen, i.e. 14 N (n, p) 14 Another approach consists of an arc between two graphite electrodes, vaporizing graphite at 2500 -3500 K [25] . The vapor is either seeded in a carrier gas or reacts directly with the surrounding target molecules. In spite of number densities up to 10 18 C-atoms cm· 3 , the production of larger carbon clusters up to C 5 as well as irreproducible electrode-surface conditions yield unstable sublimation rates and complicate this procedure.
Photolysis of carbon suboxide, C 3 0 2 , releases carbon atoms in their first excited 1 D (A.< 172 nm) or ground 3 P (A.< 207 nm) state [27] [28] [29] [30] [31] [32] [33] . The carbon suboxide-precursor, however, polymerizes even at 77 K, decomposes randomly during sublimation purification [34] , and yields electronically excited C 2 0 3 in the supersonic beam, interfering with reactions of carbon-atoms. Attempts have been worked out to overcome C 2 0 e:2:·, 1~) by two-photon dissociation, but low absorption cross sections limit the desired success.
Similarly, radiofrequency-and microwave discharges of He/C~-f1ow systems produce carbonatoms as well as ions [3] . Optionally, polarity switch can be induced by an external timer circuit. This integrated feedback system maintains a constant speed in either direction, necessary for shot-to-shot reproducibility for laser ablation of graphite. The downstream extension channel was limited to I mm length and opened to 6 mm inner diameter; longer channels, reduced diameters, and cone-like extensions were found to clog after 1-2 h operation hours even at low laser powers of 5 mJ per pulse. The modular design of the carbon source, i.e. the aluminum block, the stainless steel frame, and the pulsed-valve holder, allows interfacing this construction to an x-translation stage: a vacuum feedthrough manipulates the nozzleskimmer distance and optimizes the carbon concentration at a given laser power. Additionally, moving the stainless steel frame 60 mm away from the skimmer permits changing the carbon-rod without interfering with the alignment ofthe source. 6 The optimization of the carbon source is performed in a modified universal crossed molecular beam apparatus described in ref [ 41] experiments, (source II) pass through skimmers with apertures of 1.0 mm and 0.58 mm, attached to a differential wall to reduce the background in the reaction chamber held at typically 1 xI 0" 7 Torr, Figure   2 , and cross at 90° with divergences of 3.0° and 4.3°, respectively. The Poch-Trick! pulsed valve operates at 60 Hz, ·80 J-l.S pulses, and 4 atm backing pressure of helium and is driven by -500 V pulses.
The continuous source in region II features a 0.1 mm nozzle diameter, and a backing pressure of (563±6) Torr acetylene (Matheson, 99.5 %) purified by an acetone absorber and an acetone-dry ice cold trap. Likewise, the nozzle-interaction region distance was optimized to (61.2±0.1) mm and (27.0±0.1) mm (first source and second source, respectively).
The supersonic carbon beam or reactively scattered spectes were monitored usmg a triply differentially pumped UHV chamber, rotatable in the plane of the beams with respect to the interaction region with dimensions of(3.2 mm x 3.2 mm x 3.2 mm). Each region is evacuated by an ion pump and a magnetic suspended turbomolecular pump, yielding ca. 4x10- serves to reduce the gas load from the main chamber, whereas chamber II evacuates the quadrupole mass filter, and the Daly-type scintillation particle detector [ 43] . Chamber III contains the Brink-type ionizer (ionization efficiency ca. 10-4 at 10 rnA emission current [42] ), surrounded by a liquid nitrogen Higher velocities up to 3800 ms· 1 are available, but He-Rydberg-atoms formed in the ablation interfere with measurements. The low-velocity cut-off of ca. 2100 ms· 1 is governed by decreasing carbon beam intensity down to ca. 10 % of the peak intensity. Lower velocities between 1800 ms-1 and 1100 ms-1 , however, are archived by varying the seeding gas to Neon (99.99? %, Matheson Gas). The excluded velocity regime of2100-1800 ms-1 is accessible via seeding carbon atoms in HeiNe mixtures.
B. Composition of the carbon beam
The carbon beam is characterized by performing on-axis TOF-measurements between f!l/z = 12 30% fragmentation of C/ to C+ and C [47] . Correcting for this, we find relative number densities C 1 :
C2:C3 = 1 : (0.06±0.04) : (0.07±0.04) at a velocity of (2340±58) ms- Changing from helium to neon seeding gas increases cluster-production from ca. 20% to 70 %, c.f. Table I .
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In addition, carbon-and cluster-ions were probed by a) turning the emission current of the ionizer-filament off and grounding the grid, and b) performing rea~tive scattering with C2H2 with and without an external electric field ofE = 300 Vcm-1 ; however, no Cn+-ions could be detected. Moreover, electronically excited carbon atoms were probed in reactive scattering experiment of helium seeded carbon-atoms with molecular hydrogen: the reaction of cep j) with H2 is endothermic by 92.4 kJmor 1 and does not produce CH-radicals sampled as CW at rn/z = 13: Likewise, no inelastic energy processes were observed and eliminate carbon in its cCDj) and cCsj) state.
C. Number density of carbon atoms in the interaction region
After a few nozzle diameters, the supersonic flow expands radially from the nozzle treated as a virtual point source [ 48] . In the absence of an interaction between the Mach-disc and the supersonic expansion, the on-axis (0 = 0) number density n(R; 0=0) at a distance R., with the nozzle diameter D and the post-nozzle distance R hold the relation (5) n(R., 0=0) = f * no * (RID) - Taking into consideration the higher number density of carbon atoms in the interaction region of (0. 7±0.3)x 10 13 cm· 3 versus< 10 12 cm· 3 in [35] [36] [38] [39] , reactive scattering signals increase at least by 30 fold. Therefore, the lower limit of feasible crossed beam experiments decreases to rate constants in the 10"
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-10" 12 cm 3 s" 1 domain. Seeding gases, however, should be restricted to helium and neon to avoid cluster growth at the expense of atomic carbon: helium limits cluster contribution to 10 -25 % of Cn-species, whereas the clustering in neon expands up to 75 %. 
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